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APPENDIX A
WATER RESOURCES

A.1 SURFACE WATER NATIONAL saturated and permeable to transmit economic
Recharge of the main aquifer is not fully

ELIMINATION = SYSTEM VOLUMES understood nor characterized. Recent
investigations suggest that the majority of water
pumped to date from the main aquifer has been
from storage, with minimal recharge (Rogers et
al. 1996). Because this groundwater body is the
only source of potable water within the region,
the amount of water available for future use is of
interest to many.

One of the primary sources of potential impacts
to surface water at the Los Alamos National
Laboratory (LANL) is the National Pollutant
Discharge Elimination System (NPDES)
outfalls. NPDES outfall flow projections were
prepared by alternative. Table A.1-1 identifies
each industrial outfall by facility, outfall
number, and watershed. The index discharge asg,,  the purposes of the Site-Wide

of August_ 19_96 is also presenteq along with £qvironmental Impact Statement (SWEIS),
outfall projections for each alternative. water storage calculations were made using a

model developed by the United States (U.S.)
A.2 GROUNDWATER HYDRAULIC Geological Survey (USGS). For modeling

PROPERTIES regional flow in the main aquifer, USGS

subdivided the main aquifer into eight layers,
The nature and extent of groundwater bodies in Which have a total thickness of 5,600 feet (1,707
the LANL region has not been fu"y meterS) (Figure A3—1) The model gl’ld uses 25
characterized. To better understand the columns and 33 rows spaced at 1-mile intervals.
hydrogeologic characterization of Pajarito The volume of water stored in any given cell is
P|ateau’ LANL personne| have prepared a equal to the Storage coefficient multlplled bythe
Hydrogeologic Workplan (LANL 1998). The Vvolume of the cell. For all cells, a value of
workplan proposes the installation of new wells 0.1554 was used for the storage coefficient,
that will further investigate the recharge and Which was based on a specific yield value of
cross-connection mechanisms to the main 0.15and specific storage capacity of 1 j@r
aquifer (section 4.3.2.3). Current data indicate foot. The volume of water stored beneath any
that groundwater bodies occur near the surface 9iven region is the sum of water stored in the
of the earth in canyon bottoms, alluvium, cells, bounded by the region, and extending to
perched at deeper levels (intermediate perchedthe total depth of the aquifer.

groundwater), and at deeper levels in the main i _
aquifer.  Table A.2-1 presents summary The volume for the main aquifer beneath the

information on the hydraulic parameters of Espafola Basin is underestimated by this model,

groundwater bodies in the LANL region. as the basin actually extends beyond the
modeled region (Figure A.3-2). Table A.3-1

presents a summary of the values used to

A.3 MAIN AQUIFER VOLUME calculate the amount of water stored in the main
ESTIMATES aquifer beneath the Pajarito Plateau (which is a
subset of the total area that USGS modeled), the

The main aquifer is the only groundwater body area from which the Department of Energy
within the LANL region that is sufficiently  (DOE) water is drawn. Table A.3-2 presents a

A-1
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LANL SWEIS

TABLE A.2-1.—Hydraulic Characteristics of Groundwater Bodies, LANL Region

HYDRAULIC
POROSITY (%) CONDUCTIVITY
(cm/sec)

Alluvium 2 (may contain alluvial groundwater) 43 4.00E-04
Tuff @ (may contain intermediate perched groundwater, 48 2.00E-04
Main Aquifer Formations
Puye Formation 4.60E-04
Tesuque Formation 3.00E-04
Tschicoma Formation 9.00E-04

A—6

@ pata from Rogers and Gallaher 1995.

b Data from Purtymun 1984. Hydraulic conductivity converted from gallons per day per square foot, cm/sec is centimeters

per second.

¢ Porosity values for the main aquifer formations are not readily available from the published literature.
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summary of the values used to calculate the qualitatively and not be considered as finite

water stored in the main aquifer within the area
studied by the USGS (Figure A.3-2). These two
tables also reflect the number of years it would
take to deplete the water stored beneath these
areas for each level modeled based on 100
percent use of water rights by the major users
who draw from these areas. The total water

changes.

A.4 DEVELOPMENT OF

GROUNDWATER MODEL INPUT
FILES

rights used for these calculations are reflected in o 4 1 \Water Use Projections

Table A.3-3.

It should be noted that these calculations do not
consider recharge to or discharge from the
aquifer or pumping from wells outside the
control volume (e.g., Espafiola, Santa Fe, San
lldefonso wells). Also, the water level changes .
projected by the regional MODFLOW model
represent average changes over a whole grid-
cell (i.e., a square that is a mile on a side). They
are for the most part not predictive of the water
level changes at any single point within the cell
(for example, a supply well). Pumping wells
have characteristic “cones of depression” where
the water surface reflects an inverted cone, and
water levels at the well may be quite different
from levels even a few ten’s of feet away.
Whether any individual well would exhibit
water level changes consistent with the
predicted grid-cell average change is a function
of, for example, its location within the grid-cell;
proximity to other pumped wells; and the
individual well operation, construction, and
hydraulics. Hence, the water level changes
predicted by the model can only be considered

TABLE A.3-3.—Water Rights for Espafiola

Basin
WATER RIGHTS
USER (GAL/YR) TOTAL
DOE 1.805E+09 18.6%
Santa Fe 7.012E+09 72.1%
Espanola 9.060E+08 9.3%
TOTAL (J) 9.723E+09 100.0% o

Source: PC 1996

Table A.4.1-1 presents annual water use
projections. The following processes were used
to generate the numbers shown in Table
A4.1-1:

LANL Water Use.The SWEIS alternatives
were reviewed to determine changes in
water use across LANL. Because technical
area (TA)-53 is a major user of water at
LANL and is individually metered for

water use, projections for this facility were
made separate from the rest of LANL.

While projections for maximum annual use
were developed for the SWEIS under each
alternative (for comparison to the DOE
Water Rights in the Socioeconomic
Analyses in chapter 5), use rates for each of
the next 10 years were developed separately
for the purposes of assessing drawdown of
the main aquifer. These annual projections,
were developed using the average annual
LANL use from 1990 through 1994 (LANL
1992, LANL 1993, LANL 1994, LANL

1995, and LANL 1996). This baseline |
value was used for the 10-year projections,
to which facilities use data (based on
projected construction and operations in
each alternative) were added or subtracted
as appropriate. These projections include
reductions of 26 million gallons (99 million
liters) per year, due to the TA-16 steam
plant upgrade, and 10 million gallons (38
million liters) per year, due to the High
Explosives Wastewater Treatment Facility
upgrade.

Los Alamos County Water UsBata from
1990 through 1994 indicate an average per
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capita use of 155.8 gallons (589.7 liters) per ¢« Santa Fe County Water Us&he Santa Fe

day. This per capita use was applied to County population figures used to calculate
conservative projections (these are water use (Table A.4.1-2) were based on
considered conservative because limited projected populations at 5-year intervals,
land availability would likely prevent the prepared by the University of New
population from growing anywhere near the Mexico’'s (UNM's) Bureau of Business and
maximum projection) for the county Economic Research (UNM 1994). A
population as follows: No Action, 18,969; second-order polynomial was fit to the data
Expanded Operations, 19,924; Reduced to calculate the annual numbers shown in
Operations, 17,394; and Greener, 18,969. the second column. The number of new
These numbers were assumed constant consumers for the public system was
through the entire 10-year period, effective calculated based on estimates from Sangre
January 1, 1996. These numbers were de Cristo Water Company, because new
multiplied by the average per capita use developments are expected to use less water
figure to obtain the total Los Alamos (142 gallons [540 liters] per day per person)
County use figures shown. Bandelier water than existing users (172 gallons [654 liters]
use is included in these calculations, per day per person). The per capita figure
because the per capita use factor included averages include irrigation and industrial
data from Bandelier. use. To calculate the total public system
The total use from DOE Water Rights was water use, the percentage of Santa Fe
calculated by adding the results of the County served by the Sangre de Cristo
LANL use calculations and the Los Alamos Water Company (57 percent) was assumed
County calculations. constant. For years 1996 through 2006, the

projected water increases based on per

TABLE A.4.1-2.—Estimated Annual Water Use for Santa Fe County

YEAR SANTA FE COUNTY NEW TOTAL WATER TOTAL WATER
POPULATION PROJECTION | CONSUMERS USE (gal./yr) USE (acft/yr)
1993 105,089 3,741,505,919 11,4815
1994 107,194 3,816,442,704 11,711.5
1995 109,326 3,892,360,000 11,944.4
1996 111,486 2,160 3,955,845,398 12,139.2
1997 113,674 4,347 4,020,140,288 12,336.5
1998 115,889 6,562 4,085,244,669 12,536.3
1999 118,131 8,805 4,151,158,542 12,738.6
2000 120,401 11,075 4,217,881,905 12,943.4
2001 122,699 13,372 4,285,414,760 13,150.6
2002 125,024 15,697 4,353,757,106 13,360.3
2003 127,376 18,050 4,422,908,944 13,572.5
2004 129,376 20,430 4,492,870,273 13,787.2
2005 132,164 22,838 4,563,641,093 14,004.4
2006 134,599 25,273 4,635,221,404 14,224.0

gal./yr = gallons per year
acft/yr = acre-feet per year

A-13



LANL SWEIS

capita increases were added to the actual (6,913 million liters)] per year) from the
water use value for 1995. Rio Grande through a diversion pipeline
(Santa Fe Diversion). When the collection
A.4.2 Other Inout Files and system for the Rio Grande is on-Iine,.Santa
.p Fe will shut down the Buckman well field
Information

and use it only for supply emergencies.

Frenzel's model (1995) for north-central New
Mexico, was used with no changes to any A.5  MODEL RESULTS
hydraulic parameters and no additional
calibration. Data on water use from individual Based on the Frenzel model, the total
DOE and Santa Fe wells from 1993 through approximate volume of water within the 5,600-
1995 were obtained from the state engineers foot (1,707-meter) thickness of the main aquifer
office and added to Frenzel's well input file, Delow the Pajarito Plateau is estimated to be
which used pumping data through 1992 21.8 trillion gallons (82,513 million cubic
(Frenzel 1995). Changes were made only to Mmeters). Water quality will generally become
well pumping rates calculated from the water increasingly poor with increasing depth.
use projections. The process below describes Therefore, the amount of potable water may be
the procedure for reducing annual total well far less than the total volume available.
field production to pumpmg from each model Available data are insufficient to model water
layer for each individual well. This process was duality degradation with depth; but, water
performed for each alternative. supply wells screened as deep as 1,830 feet (558
meters) into the main aquifer produce potable
e To allocate the total use for the DOE and water that meetsSafe Drinking Water Act
Santa Fe supply systems among individual standards (42 United States Code [U.S.C|]

wells, a spreadsheet was developed to §300).

calculate average percentage of the total o . _
produced by each well field from 1993 A similar water storage analysis for the main
through 1995. In turn, the average aquifer beneath the entire USGS modeled area

proportion of the total well field production ~ shows that 106 trillion gallons (401 ftrillion

supplied by each individual well within the liters) of water are stored. This estimate of
field was calculated from 1993 through storage volume is conservative, as the USGS

1995. model does not include the entire Espafiola
Basin. Use of groundwater from the Espafiola
based on water use projections, a Basin at combined annual water rights rates for

spreadsheet was developed based on DOE (1,805 million gallons [6,832 million
Frenzel's (1995) Table 11. Frenzel's Table liters] per year); Santa Fe (7,012 million gallons

11 allocates the percentage of pumping [26’540_ r_niIIion liters] per yea_r)_; and_ Espafiola
from layers one through five for each well. (906 million gallons [3,429 million liters] per
These percentages were multiplied by each year) indicates tha‘g if the upper 1,275 feet (389
well's total annual projected pumping to meters) of the_ Basin were used, a water §upply
obtain the proper flow rate from each layer. would be available for 2,982 years and. if the
. Based on conversations with upper 2,000 feet (610 meters) of the Basin were

representatives of the Sangre de Cristo used, a water supply would be available for

Water Company (Santa Fe County’s public 4,637 years.
supplier) in 1995, Santa Fe plans to start
taking their San Juan-Chama water right
(5,605 acre-feet [or 1,827 million gallons

» For projected pumping rates for each well
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The groundwater model indicates that no
springs in White Rock Canyon are likely to go
dry. Springs in White Rock Canyon in the

The model results reflect water level changes at Vicinity of the Buckman well field may actually
the top of the main aquifer across the increase in flow due to rising groundwater
alternatives, given continued draw from the levels (frpm 0.1to 3.8 feet [0.03 to 1.2 meters]).
aquifer by DOE, Espafiola, and Santa Fe. Table The rising water levels result from the
A.5.1-1 shows predicted water level changes at continuing recovery in the vicinity of the Los
the surface of the main aquifer during the period Alamos well field, which was shut down in
from 1996 through 2006 for each of the SWEIS 1992, and recovery in the vicinity of Santa Fe’s
alternatives. Although the water use modeled Buckman well field, which is planned for shut
includes water use in Espafiola and Santa Fe, thedown in 1999. Operations of both well fields

differences between the alternatives are due @€ independent of the alternatives and
only to LANL operations. significantly affect water levels in the main

aquifer in the vicinity of the Rio Grande.

A.5.1 Chamges in Water Levels and
Storage in the Main Aquifer

TABLE A.5.1-1.—Maximum Water Level Changes at the Top of the Main Aquifer Due to All
Users Combined (1996 Through 2006)

WATER LEVEL CHANGE IN FEET @
NO ACTION EXPANDED | REDUCED | GREENER
AREA OF CONCERN ON-SITE
Pajarito Well Field -13.2 -15.6 -10.7 -14.5
Otowi Well Field (Well 0-4) -12.9 -15.2 -10.3 -14.2
AREA OF CONCERN OFF-SITE
DOE - Guaje Well Field -8.7 -9.3 -8.1 -9.0
Santa Fe Water Supply
Buckman Well Field +21.6 +21.6 +21.7 +21.6
Santa Fe Well field -20.6 -20.6 -20.6 -20.6
San Juan Chama Diversion 0.0 0.0 0.0 0.0
Springs
White Rock Canyon Springs, maximum drg 0.0 0.0 0.0 0.0
White Rock Canyon Springs, maximum risg +1.0 +1.0 +1.0 +1.0
Other Springs (Sacred, Indian) +3.8 +3.8 +3.8 +3.8
San lldefonso Pueblo Supply Wells
West of Rio Grande:
Household, Community Wells +0.6 +0.6 +0.6 +0.6
Los Alamos Well Field +3.8 +3.8 +3.8 +3.8
East of Rio Grande:
Household, Community Wells 0.0 ‘ 0.0 0.0 0.0

aNegative value (-) indicates water level drop; positive value (+) indicates water level rise.
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In comparison to the thicknesses of the eight e

model layers (total equals 5,600 feet [1,707
meters]), the maximum drawdown predicted
over the next 10 years for DOE well fields (15.6
feet [4.8 meters] for the Pajarito well field)
represents a reduction of main aquifer saturated
thickness of 0.28 percent. Water use projections
indicate that the maximum total volume of
water to be withdrawn from DOE well fields
from 1996 through 2006 is 19 billion gallons (72
billion liters), which is 0.09 percent of the main
aquifer volume (22 trillion gallons [83 trillion
liters]) of water in storage beneath the Pajarito
Plateau. In summary, the drawdowns in DOE
well fields are minimal relative to the total
thickness of the main aquifer, and the volume of
water to be used over the period from 1996
through 2006 is negligible relative to the
volume of water in storage.

The water level declines reflected here could
have an impact on the water levels in off-site
wells that are used by other entities, which
would require these entities to drill deeper wells
into the aquifer.

A.6 MODEL UNCERTAINTIES AND
L IMITATIONS

The following uncertainties and limitations
associated with the use of this model should be
noted:

* The model only includes a portion of the
main aquifer. No model or method exists to
predict changes of water levels in the
vicinity of springs emanating from
intermediate perched groundwater bodies
(Basalt Spring, S-Site (TA-16) Springs,
Water Canyon Gallery).

A-16

The model’'s mile-square grid spacing
underestimates drawdowns at individual
wells. The grid spacing is also too large to
precisely model changes in water levels in
the main aquifer adjacent to the Rio Grande
in response to the Santa Fe diversion. A
finer-scale model is under development by
the Sangre de Cristo Water Company.

No additional calibration was performed,
even though Otowi-4 pumping, initiated
after Frenzel's model was calibrated, may
make additional calibration technically
desirable.

Because water levels at the Pueblo of San
Ildefonso are not available, modeled water
level changes are the only data available.

The remainder of Santa Fe County is served
by approximately 16,000 domestic wells,
each of which has rights to 3 acre-feet (0.98
million gallons [3.7 million liters]) per year.
These are far more private wells than were
included in the model (200). This factor
probably does not significantly change
model drawdown results for the following
reasons: most private users probably use
much less than 3 acre-feet (0.98 million
gallons [3.7 million liters]) per year, the
private wells extract only from layer one or
shallower perched zones (public supply
wells pump from layers two through five),
and private wells are sufficiently spread out
so that impacts from one location are not
observed at other nearby wells.
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